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tion by a wetallic fragment when woven into ballistic armour. Presumably N
if these propértieés were known, fibers could be tailored fo give maximum e 5
resistance. )

The méthod of attack it is proposéd té use is one that presupposas .

nothing. A considetablé number of physical properties will be méasured. =

When information becomes available from the Naval Researéh Laboratory as I

to thée capability of résistance of ail fibers meadured end Submitted for
evaluation, a multiple cprrelation will bz carried out to detarmineé the -
relative affect of each property studied on this resistance. .
While this procedure is quite comfon, it i§ Worth a iittia explanation s
€6 Bake quite élear whar kind-of inférmatiocn will be -obtained. : :
Suppose .a -series of n fibers is selected for study and a seriés -of
= physical propertieés aré measurad on éach.

These fibers will then be submitted Lo ONR for evaluation and it is

0 0

présumed-that this evaluation will produce a nuime¥isal valué for each =

fiber which represents its ability to resist penetration by a specific s

E

projectile: S -
This value wWill be tefmed = réspénse and denoted by Y. ' =

The different: physical propsrties measurea“williﬁg,déﬁpted;ﬁyaxfj X5, i

1t is presumed that a total of m values -of Y will be obrained. From s

this data the following empirical equation can be-obtained. , ' )

Y = by + byXy * boXg v oo $~§mxw}wheie-ché;b‘iwgrérebﬁécgnts. G

This proceduxe is without Ei@i;étiéﬁwéxgégﬁingVtﬁﬁtYQTﬁpi: exceed =

in order tp permit calculation of all the coefficients of the X's -in this E
equation. - o ‘

If 0 is .considerably in excess .of m an -estimate of fit can be

¢an be computed. This will permit elimination of those which are not

significantly corrvelated with the résponse: If n and m ave nearly equal ) 3
thén -each response must be measured at least in duplicate. to gto;iéé;an “ N
error -estimate from which the significances of the coeffiéients can be

computed:
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is procedure is actually = simplification of a more general procedure
h

OO N Sy

¢oftpared with m and is presumed to be impossible in this case;

lification to bé used will In general résult only 4in determination
oésible linear correlations, and ne curvilinear comparisons.

re are certain modifications of the _bove=deésc¥ibed general pro-
hich will :also be éxamined. For example, experiénce has indicated
&r tenacity is cofrélated with resistance, withid a given type of

Obviously, then, tenacity should be used aé a response in a pre=

liminary study to determifie whether such 2 correlation is geméral. In

addition

, it i3 known that for-a given material .
v o= |me2iel?
¢ e
= gritical véldéify .
= sonic modulus
= elongation at break )
.= dersity : '

Accordingly, a pseudo-property consSisting of the right hand term of the

above -equation should al$o be inmcluded in the regression analysis.

,Ava

t:4é& linear regression of the above

sequentl
not expl
physical

It

data ana

ifferent approach will z.so be tried. This conéists in measuring
right hand term with tenacity and sib-
&.wiﬁhﬂthe.Y”ﬁélue obtaived by ONR, thén expanding the residuals
ained by this regression into a linear équation in the other
properties. méasured- ‘

is thus -evident that cousiderable choiceé is available in how the

1ysis may be carried out. As many .as possible of these ways will

be. examined, with the ultimate aim of arriving at not only an empjirical .

lying ca
Wha

. equation in Y but 4156 an approach t6 a mathematical model for thé under-

uses of resistance:

tever the final choice cthe result will be one or more equations

relating the responseé to the physical properties measured, or to certain

combinations of them. From thése equations the optimum physical propertiés
' for maximum resistanc¢e to penetration should result.
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Our experience with fibers -uggests that it will be zost improbable . T
1e

to find z fiber whiéh will be optimum in a&ll properties: Selection of the S

: optimum thus will prabably resul+ in chedsing the bast é'*pr'm e, for 75‘% =

3§ which the maghuitudés 6f the siga” ficant coe £ficients of the final équation E % -

i is the best gulde. - ; i

) Finally; since such armour cust presumably be squally protectivé over o

- a wide range of temperatures and humidities the selected fiber dust be one v
,:= in whiéh the important physical rroperties are relatively insensitive. o
- to changes in température and hu-idity, and €his will have tO»beAQXamlﬁéﬁf ;:

'g befoxe the fibér can be Considered as worth further study in’ woven con- E

;*fg structions. ) ‘ . * ‘-
' CHOICE OF FIBERS TO BE TESTED v . it

e 1t is important to note tha: the réquirement in choice of fibers is

- to select a group showing as wide a ¥ange of physical properties -as x;

possible in ordetr to make the devzloped &quation more precise.

w!
"t

g % - With this in mind, the following fibers have been -selected; =
{ A 1. WNylon 66 tife yarn ’ .
Y E _ -

2. Twisted Nylon 66.-tire cord, greige :
3. Nylon 66 ctire cord, hot-stretched

! 4: Tempered Nylon 66 tire yarn - - : ‘
i 5. Témpered Nylén :66 tire cord 5
- 6 -

+ Dacron tire yara - - r
Glass fiber yarn X994 ‘ . o 3
Glass fiber yarn E type : — - ‘&,

il
O s
. "

Tyrex Rayon tire yarn o

o 10: Orlon
L 11. Kutalon (polyvinyl alechol) )
o 12:. Polypropylene 12 gpd tenacity
13. Polypropylete .5 .gpd tenaci t?
14. Polyethylené
A ‘twisted nylon tire ¢ord éan be Stretched éf7z\d§éAﬁﬁ compacting of :
the fibers, before any stretch 6f che fibers thems¢lves occurs This coms e
’ pacting is résisted by -the inter=fiber friction which is Iargaly détermined - -
by the fibér's finish: -i=
= - o ;




- ‘hexagonal -and

Temnéring causes &ven tizhiur compacting and compressés tke fibers into

o
igmhering
D

5

SRS ) 1t % thought that inclusicn of these twisted cords, together with

. glass at oneé end of the extensikility range, and polyéthylene at the other

should givé the wide range of phrysical properties desired togéther with

. sufficieént inceimediate points to give good precision in the equation

constants.

PHYSICAL PROPERTIES TO BE MEASURED ; '

1. Percent cryQCalxinlty :
- 2. HMean orientation in degrees
i - 3. Impetfection in crystal suructure

4. Creep -at room temperature at 10 cps .

e

5 Iﬁétroﬁﬁtebgciéy at two rates of testing
-6.. Density of fiber
. 7: 1Instron elongation at bresk at two rates
: 8. Velocity of sound )
9. Attenuation of sound wave by fibefrs. i
- PROGRESS TO_DATE
The

early stages of this work were spenc in‘planning; and in nutt;ng

z

;: * ‘tqgéthér ‘thé .equipment for-measuLement of sOund\and:its attenuatcion.

?i ‘Basi¢ ally, -this proceduge involves the ude -of fwo piezoelectrlc trans~

f -ducers of Rochelle Salt; one -of which; the driver, introduces 851Q§gitudlnél

£ s6und wave into -the fiber; yarn, or cord under- investigation, ahd the othet

picks it wp. | |

% The -83gnal to the driver is .obtained ff§m<a wide-range oscillatot,

% the sigaal beifig so adjusted as. o6 producé a puré sine wave, as measured

by ao oscilloscope. )
— Arrangettents are made to permit loading the yarn with various loads,

é; -and ;hé‘bsciiiator:pefmité the use of a wide rangé of frequencies.

- A& factorial experiment is ncW under way to -meéasure the effects of -
2_; frééi)rcy.aﬁd'ioaé in -order to secléét the desired combination to be used <
, in the analysis, .
- .Sé§nd velocity may be measured, eicher with a digital couanteér capable- %
. . ‘of easuring in. micro seconds; or by location of the nodes in the standing E}
- - g
<4~ ;
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wave generated in the yarn as a rasuit of

r

he phase relationships betwsen

signal and its reflections. o .

Attenuation is measured by dutermining the reductionw in amplitude of
the peaks in the standing wave starting from the dtiver. 4 o
Som¢ measurements have been completed. Insufficient has yét been ! -

obtained to beé Worth reéporting. :
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